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Outline of the talk

e Why Study Heavy Flavor Physics

® Interest in Vector-Vector B Decays

® B-Physics Laboratory — BABAR

e B-Meson Reconstruction and Analysis

e B — V'V Results
— Pioneering effort

— Ahead of theory and experimental prejudice

e Latest results from Moriond-2004

— Success of @@ from B — pp
— Puzzle of B — ¢ K™
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Fundamental Particles (Standard Model)

e Fundamental subject of matter (fermions):

matter anti-matter
quarks leptons anti-quarks  anti-leptons

(d\[u) (e[ ve) (d\(a) (e[ w

A A A A ALY
-e/3 2e/3 -e 0 Q e/3 -2¢/3 e 0

e ... and forces o A= -1
Electro-Weak (7, W= Z ) tree” decay
Strong (gluons)

Gravity (not in model yet...) b u
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Fundamental Questions (Beyond SM?7)

e Why does Matter dominate (Sakharov):

— baryon non-conserving interaction
— Charge-Parity (CP, or T'ime) asymmetry
— non-equilibrium

e Need something beyond the Standard Model

SUperSYmmetry (popular model)

quarks (spin=3) squarks (spin=0)

[d\ [ w) (d) (@)

heavy —

\ o)\t \b )\t

e Experiment: try to reach Beyond

Andrei Gritsan, LBNL April 1, 2004



What we are doing on BABAR
e Study fundamental EW forces and CP violation  4*

(@ (Via Vi Vi )\ [ d) v A

, — Vd V. Vb b Vub (7

V) A\ Ve Ve Ve AR ) ) i
b—ulv Bown BB’ mixing
B~ py

B-E% PKS+ B— WKS
B~ Dy K b—clv B— ¢Ks
B — ntw, Kt

a = arg[—ViaVie* / VuaVur*] with b — uad (7o, pp, ...)
B = arg[—V.qV.s*/ViaVis*] with b — ces (K ™); s5s (pK ™)
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Success of sin(23)

o 1'(15) — BY4,yB,) coherent P-wave

e [wo paths: Bo(tl) — Bo(tz) — fCP Ampl:Afcp

Bo(tl) - Bo(tz) — fep Ampl:Afcp X (%)mix
e Measure:

(B f,ty) oc e 120/72(1—sin(23) x sin(AmAt))
(B f,ty) o< e 1A0/78(145in(23) x sin(AmAt))

2ZmA\ . i
Sfer = 1+‘)‘fcfcp = sin(25) Afop = i(%)mix X ek

P‘2 Afcp

é‘ ‘Bo‘ta‘gs ““““ L‘ep‘tor‘l taig

S w0 ]

g i ]

e B— yYK: a7 JM\ E
0 frmrmrs LA y

s ]

A — Wd‘/zb*)(VbV * (5 Vd*) _ 627'/8 ol

Via*Vip 7 N Vep* V. *Ved W !
;

S = sin(28) = 0.741 & 0.067 £ 0.034 * "

At (ps)
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Importance of “Penguin” Loops

e No FCNC (e.g. b — s) in Standard Model s
: . : g
e Effective transition — loop (penguin): t .
heaviest known particles in loops
t (~180 GeV) and W (~80 GeV) b >
e Sensitive to New Physics (Higgs™, SUSY) to ~500 GeV
g . g
t 5 q 5
b s b s

e Observed first gluonic penguins (1996,/97):

B — 'K, ... (puzzle: large decay rate)
CLEO, Phys.Rev.Lett 80, 3710 (1998); RPM Spring 2000

Pointed by Vainshtein et al (1975) for K — 7w
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Manifestation of CP-violation

o Interference of mixing and decay (e.g. sin2p, sin 2a)

s(b)

e Direct: ]A| +£ | Al
Acp o |A]* — |A]*

‘Al‘el(i¢1+51) 4 ’Azlel(i¢2+52)

‘Al‘ |A2| sin AquW sin Aéstrong

G

U

e New approach in B-physics (special to B — V1)

— asymmetry in Triple-Products (p - €; X €3), T-odd

— first applied to B — ¢/{*, Phys.Rev.Lett 91, 171802 (2003)
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Triple-Product Asymmetries

e CP= A =—-Az in (qi—q2)-p1Xp2 > or <0
e For S- and P-waves:  S(S) = +5,e¥7 01 4 S,yei03 e+i03
P(P) = £Pei% ¢¥i%1 4 P,eits oFity

(Ap + Ap) o< Im(SP*)+Im(SP*) o cos Adsin Ag

e Familiar from Hyperon decays

[ | ]

=~ - A, A—pr vs. EF = Ant, A — prT
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B-Meson Decays to Two Vector Mesons

e Decays reveal fundamental dynamics:

spin =1

g ¢

spin =0 . K* @@

u, d u, d

spin = 1

e Conservation of angular momentum:
Siot = 0, helicities (s+p) Ay = Ag= = 0,41, —1,
Decay amplitude: A =<flH|i>=Ag+ A, + A_
11 observables (!) (for B and B): 6 |A;], 5 arg(A4;/A;)
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B — V'V Angular Distributions

d°T

o< | Z A X Y1 (01, 1) X Y1 (02, D2) | 2

1
x {Z sin” 0 sin® 05 (JA41|* + |A_1]?) + cos® 01 cos® O] Ap|?

1
—|—§ sin” ) sin® 0 [cos 20 Re(A41 A ) —sin2® Im(A; 1A% ,)]

1
+Z sin 291 sin 292 [COS ® Re (A_|_1A8 -+ A—lAS) —sin ® Im (A_|_1A8 — A—lAS)]}
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CP Asymmetriesin B — VV

e Direct (rate) asymmetries: | Ap|? # |Ag|?  (longitudinal)
|Aj > # |A)|* (transverse CP-even)
|AL|? #|AL]? (transverse CP-odd)

o< sin Adgyw sin Adgirong

e Triple-product asymmetries define A, = (Ay £ A)/V?2

(ALA*) # —Im(A, A)
AJ_A —Im AJ_A

Adpw 20 & t :gﬁ
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Helicity Hierarchy

e Standard Model: Wt — 5= s =+1
(limit m, << my) g— S5 = Ag = j:%, As = TF

DN | —

Ag > Al >
Ap = A+ =0 Ap = A+ = +1

PETTTTT T IIIIT PITTTTITTIITIITIITIE N o g

m

flip suppression:  ~1 ™ 12.00.04 |7 [*~0.001
B mp
violation: (1) Long-distance FSI (re-scattering ?) = large phases
(2) New Physics (?)
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Rare Vector-Vector B Decays

e Dominant B decays b — ¢ @

D)
(b)

u,d

o Study B —pp, 0¥, pK*, K*K*...
Rare b — u,d,5 (B ~ 107°)

5/d b Al 5/d
K*/p ¢ (K*/p)
W+ “ U, Cyt s (u)
_ i 7 g %,
B b L B 5 ()
. . K* (p)
u,d u,d u,d u,d
April 1, 2004
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Why Rare Vector-Vector B Decays

e Despite - not much attention from theory
— experimental prejudice (difficult)
e Because - rich physics and potential

— all results are first discoveries

e Example with B — pp  (was not favored for sin 2)

— however B — mr suffer from penguin “pollution”
— B — p%p" — 477 is the key over 07" — 4~

ar-T + . + ap-P

u b a b i d

W+:_"'? d W ; « 3 ?

- _ - g _

b u d q

u,d = u,d wu,d = u,d wu,d = u,d
B decay mode | ar ap | B(107%) mw | B(107°) pp
a7t | p~pt | V2 0 +2|4.7+06+0.2] <2200 (?7)
1.0
xOnt | pPpt | 1 0 | 551,90 +0.6 | <1000 (?)
w070 | p%p° | O —1{2.14+06+03| <18 (7)
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I\/Ieasuring o wth B —

o ['(B'—rtn™, At)oxce 1A/ (14-C . cos(AmAt)—S,.. sin(AmAt))

— Smr = \/1 — CWTQ SiIl(QOzeﬂr)
e Isospin: 205 = 2a 4 6 (penguin)

12} = P =P(K%") .
CKM fit 7]

B L0 1 AB=1 ) = AB™- ')
R Spapar = —0.40 & 0.22 £ 0.03
$ 06} Ceapar = —0.19 £0.19 4+ 0.05
S o4 Sperre = —1.00 £ 0.21 £ 0.07

02 L Cgere = —0.98 £0.15 4+ 0.07

007‘ | ‘2‘0 ‘4 H60 80 100 120 140 160 180 v Ilmlted by “pengUin pO||Ution”
o (deg)

e B— pp, if Aj dominates: - CP eigenstate

— the same isospin pp triangle
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Heavy Flavor Physics Highlights-2003

CKM constraints meet  Deviations with B — ¢ K°

1_5 Vyyy‘yyyy{yy\y‘yyyy‘yyyy‘yyyy \\\\‘\\\\‘\\\\\\\\\\\\\\\\.\:\\\\:\‘ ‘\\\\

[ | excluded area has < 0.05 CL ] OPAL 98 i i 0

i 1 1 327,0+05 oo 1 —

ALEPH 00 L ‘

0.84",,,0.16

CDF+94Q [

0-7970.‘44 ! 3 '

BABAR 02

0.741+0.067 +0.034

Belle 03

0.733+0.057 +0.028

Average (charmonium) ' . l*l

i 0.736 +0.049 »_ (I ‘

sin 2B(WA) i BABAR 03 o ;

0.45+0.43+0.07

Belle 03 008

—0.96+£0.5_ ., b — 1

BABAR 03 )

0.02+0.34+0.03 ! vl !

Belle 03 ! g :

0.43+0.27+0.05 y ' : =

Belle 03 ‘

i 3 | 0.51+0.26 " 5 0e

1k : _ Average (s penguin) 0L
: 0.24+0.15 T

I % ] Average (All E
LP 2003 ] 0.695 igo.0(41-7 ) ' ! 1|T Summer 2003

_1_5>----|----l----l----l----|---- nn ool onnnflaanndlannaflonn o Al ate i albihallonsnllonas
-1 -0.5 0 0.5 1 1.5 2 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

P sin(ZB(eﬁ))
e [ry to answer questions:

(1) other CKM constraints (cx) (2) do we understand penguins
B — pp B — oK™

Ams&Amc|

Charmonium Modes

OKS

KKKS 1K
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BABAR Experiment

2004,/03/30 09.20

PEP-II

190
180
170 BABAR /
7
150 7 pEpP.1I Delivered 190.91/fb Y/
140 BABAR Recorded 182.89/fb —/
2130 ™ BABAR off-peak 17.27/fb Y/
=120 — 7
§110 //
€ 100 —
2 o0 /
B & /
£ 60
50 // —  Delivere d Luminosi ty H
40 / : g?fcg;dede mmmmmmm tyi
30 /=////
20
/ ,_I—,_,—
10
o LA LTI
1999 2000 2001 2002 2003~ 2004
ete” — 1 (45) — BB
— — i 1
e'e — qq — Jets

Nyg ~ 200 x 10°

BABAR .

4

(o3}

i f//ﬁ////ﬁ/]/

e Silicon Vertex Tracker (SVT) e
e Drift Chamber (DCH) e

o Cherenkov Detector (DIRC) o
e EM Calorimeter (EMC) e

e Instr. Flux Return (IFR) e
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BaBAR Event Reconstruction

e Fully reconstruct B decay products

eg. B'— oK' — (K"K )(rtn)
similar BY — oK™ — (K"K ) (KTn), etc

K, Wlv,

s = R I
Ty
—_-__ S - e ¢
iy,
7.‘_—{— ,j : LY
/ — & 4 e,
» i7T I
@ k3
+ |
70 7T
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B-decay Analysis at 7 (4.S5)

Fully reconstruct e.g. B — pp~ — 71 (vy)(7y)

e Vertex (SVT)
e Momentum (DCH+SVT,EMC)
e Energy (DCH+SVT,EMC) b

e Particle ID (DIRC,DCH) ot _—
Constrain 7' (15) — BB
beam spot IP
o Beam momenta
Look at the other B /

e Event shape  (DCH+EMC)
e \ertex (SVT)
e Flavor tagging (full BABAR)
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Position Resolution with the SVT

Pu T
e Impact parameter RN — =
. /R \ N EERN
(high pr) ~ 30um /// /{l\\ \\\ —===
e Beam-spot o(x,y,z) ‘\\\ \ ///‘ —
~(150, 5, 10000)pm \Qé/// N — -
wioo A
compare oaz, ~180um, Bvycrp ~250u
407\”””‘\””\ T A50**€ ]
= = oy "‘* . : . *u OJ‘;
\Ej; :63; 25 :‘.:ﬁ *ﬁﬂ‘.‘f- **&. #Hw ‘hfﬂﬂt " y .“ ; f
2 g
| ©

Az0 (um)
Taby
o

{', w2
]
6(Az0) (um)
<\:Z
Ed
"%
k3

_1007‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘7 07‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘7
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BABAR

racking System

e DCH + SVT = tracking

— SVT dominates position and angular at IP

— DCH curvature (momentum) measurements
— also dE'/dx for Particle ID

pr ~ 1.5GeV, 0, ~ 10MeV  aprrrrr

Cosmic track study

1.0 —

05

X ]

Q/@,@ v

o(p7)/p7 = (0.5+0.1xp)% ]

41

—

0 25

0.0 1 1 1 1 I 1 1 1 1

o. (GeVic)

7.5

10
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Momentum Constraint

e Fully reconstruct e.g. B—¢ K" — (K"K )(K rm)

— invariant masses of the resonances (mx, M)

e Energy-substituted B mass (eTe”—1(45)—BDB)
MEs = \/E% —

— 0~2.6 Mev (Ebeam dominated) BABAIR ﬁ

— B almost at rest (in 7' (45) cm) 4005_C0ntr0| Sample
Bem = 5.9 GeV

- RO -t
mp = 5.28 GeV B —Dm 4 ]

(O8]
=
(=]

(V]
=
(=]

events/(1.25 MeV/c?)

e Signal parameterization:

100

background
[ 5 e reNe) et ’o"
— from Monte Carlo/control samples oo

5.20 Mg (GeV/cz) 5.30
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Energy Constraint

e Energy Constraint:

AE = B —

cm
beam

— background suppression; o ~ 20 MeV (mom resolution)

/7 separation: momentum correlation
— boost =- broad momentum spectrum

— kinematic

400

300 -

events/(6 MeV)

100 |-

g 0

Coﬁtroll
Sample

' B’ Dt
# BoXn' ]

0 W//////n////// o

-0.15

5
AE_(GeV)

400

(MeV)

T

AE,-AE

100 -

———
'<_IIlK-IIlTc

w

=l

(e}
1

[
L

K/m separation with AE |

o

AE

00 10 20 30 40 50

K/t momentum (GeV/c)
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Particle ldentification

e Cherenkov angle 6. from DIRC

— primary /1 /7 separation Em— |
cos(f.) = 1/6n, O.=f(p, mass) J / =
Mirror ‘
— from 2.5 to ~100 separation U: o J
— selector combined with dF /dx e e
e L L BRI B R T L I L B L B BRI BLELE
ontrol - - _
1200 | BABAR ample - 0 BABAR -
D tagged D—Kr | _ :
1000 _ Q\b i K/t separation
- 5L with DIRC
2 P
S X o 6
%600 ?
B o 4l
400 8
200 2r B
0 P I R R O|||||||||||||||||||||||
-10.0 ex 5.0
(0.- 6 "o 175 K/n momentum (Gevie) 20
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Event Shape

e Suppress background:

ete™ — qq — “jets” (signal “spherical” eTe™—7(45)—BB)

e Define in the 7(15) cm frame:

— thrust axes B/(rest-of-event) angle 07
cos(07)< 0.8; reject ~5/6 background, 1/5 signal

— Fisher=>", a;p;
rest-of-event momentum
flow in 9 cones

D Pp Control
BABAR Sample

B D

B momentum/z
B thrust/z

100

]

0.0 Fisher 1.0
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Tagging and At

e Tag the other B — K™, u™, etc
Q=Y (1-2w;)? ~ 28%
e Resolution fop(At) = Ry (At, At') @ [e”1AV1/7s
X (1 £ S(1-2w) sin(AmgAt') F C(1-2w) cos(AmgAt'))]
o Study with B — DU wt/ptfaf, IR (K )
= = (1-2w) cos(AmyAt)

paul

0 15 20
|Atl (ps)
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Selection for Analysis

o BADAR - largest database ~Petabyte (10" bytes, 10° Gigabytes)
(1) Skim (manage large amount of data) < 1% in each topology
— stream out any B — hihyhshy (7%, K=, K2, 7% 1)
- |AE| <0.3 GeV, mpgg > 5.2 GeV, |cosfr| <0.8
— cover all final states (and more):
R0 et R0 et
BT, B~ 1) 1)
— P et T P
B°, BY

K*— K*O K*™ [_(*0
(2) More detailed study in analysis (fit to ~10* events):
— AFE, mgg, Fisher, my,;,, Helicity, Particle ID, Vertex, etc
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Kinematic Observables in Analysis

e Example of observables for B — ¢ K*O(K"77)
Fisher

5.280

270 0.85 0.95 1.05 0.990 1.000 1.010 1.020
Meg (GeV) m_ (GeV) m, (GeV)

signal (Monte Carlo)

“““““““““““““

0.00 0.05 0.10 -3 2 -1 0
AE (GeV) F

background (side-bands)

e Observable () = +/—: B flavor (charge)

Andrei Gritsan, LBNL April 1, 2004
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Maximum Likelihood Method

e Estimate parameters (e.g. ng,) with /N observations:

fj — {mEs, AE, f, mq, M2, (91, 92, (I), Q }

Ncomb 1
L = exp (— ank) H exp (N In (Z Nk Pk (55 &))) — max.
ik J ik

j=1

e PDF:
Pz',k(fj) — P@'l(mES) : 77@2(AE) . 771'3(]:) . PM(ml) . 771'5(m2) : 5k;Q

and angular part with acceptance §
X 732]?0917927(1)7 ka7fJ_k7¢J_k7§ka) X 9(81702; (I))

e Measure: [ * = |Ay™|? f1E =A%
o = arg(A4)™) Xk = arg(A, ")
construct asymmetries A/
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Angular Observables in Analysis
aq(fr) X = | Apl?
(1) % I AP AL
as(fu, f1)% L aE-iar

WA
()54(fL7fJ_7¢J_7¢||)X \ /\ | jlm(AiAﬁ)
A
&5(fL, fJ_, ¢H) X 7 | :>R6(A||AS)
a6(fL7 fJ_7 ¢J_) X | jIHI(AJ-AEK))

cos 1 cos by

® Xxacceptance
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Examples of Angular Distributions

e Example of ideal 2D PDF

— ==

0.25 =S

e Non-uniform acceptance i
0.00 ::
with particle momenta 10|
0.5" L
Oo&g >0 _05 \ //__’_,,,——"’/o——o—//— 0.5 e
1.0 -0.5 cos®A
1.0
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Analysis Validation

e Blind technique until finalize analysis

— prove that it is unbiased and presize

e Monte Carlo studies (high statistics):

— full detector simulation of signal, embed into background
— reproduce input values and errors

e Example with B® — ¢ K*:

TR0 ame R0 0 a1 e R U RPN R AP APV LA R PR APV
[ B —¢K " 82fb 1 e B"—0K"™ 82fb B —¢K " 82fb B —¢K " 82fb B —¢K " 82fb
L 100
| Ng,=100£11 | [ 1,=0.60£0.07 f,=0.200.07{ |,=20.341 0,=10.25
%100 — %120 %1007 — % .' % 80
E E E £ £
: : :
6] O 8 6] 6] ¢}
= z | = = =
5507 E t 5507 E 540,
407 25
¢ 20
, ‘ e , M AT, . . A
0 50 100 150 0.00 025 1.00 0.00 025 0.50 0.75 1.00 -3 2 -1 0 1 2 3 -3 2 -1 0 1 3
N events fL 0, (rad) Or (rad)

e Many details not discussed:

— systematic uncertainties (usually with control samples)
— detailed background understanding
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First Observation of B?(BY) — pTp~

e |deal mode for sin(2«)

— Rate larger than B — 7
— |Ag| dominates (C'P-even)
— small penguin “pollution”

0.0/+ 0
(0" /p™p°)
Mode ¢ (%) Nsig B JL
ptp~ 39 8828 +9 2570 10 x1076 0.98700% +0.03
BABAR BABAR F B%BAR ] 1 BABAR
r 30 - + -
B°= p*p B —=pp

events/(2.5 MeV)

events/(25 MeV)
events/0.1
events/0.1

events/(25 MeV)

- 0
2 mg (Gev) 3 052 m(r'n°) (GeV) 102 052 m(nn’) (GeV) 102 075 cosb, 095 075 cos, 095

http://arxiv.org/abs/hep-ex/0308024, Phys.Rev.D 69, 031102 (2004)
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Observation of BT — p’p™

e Need to understand B — pp dynamics: “
— |Ag| dominates W d
— measurement of the pure “tree” [ — -—
>
u, d u,d
Mode € (%) Nsig B (x1079) fr Acp
pPpt 46 93720 +10 225727 +58 0977002 4+0.04 —0.1940.23 4 0.03
| BABAR | BaBAR | | BAB4R .| BaBAR :
~ 0.+ + 0.+
ZOfB%pp ZO,B%pp 16

B> p°p

events/0.1
events/0.05

events/(2 MeV/cz)
events/(24 MeV/cz)
events/(24 MeV/cz)

mES (GEV/Cz) ‘53 b Hlpo (GCV /C2) 1.00 052 mp + (GCV /CZ) 100 s
Phys.Rev.Lett 91, 171802 (2003)

COSGI 09 00 |C0892| 09
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Search for B? — p%pY
e Set tight limit on B — p"p": b N d
— constrain “penguin” \ q
{
B( 0,0 0.0 g _
(po p+) X fL(,OOp+) < 0.10 q
B(p’pt) x fr(p’p™) -
u, d u,d
Mode € Nsig B (x107°)

pPp® 176 97T L7 +£20 <21 (90% C.L.)

n
o

B——T—T—TT T T 7 T T T T T T 12—

n
=]

o
T

relative likelihood

events/(2 MeV/c?)

o
T T T

0 I I IS S S I L
5.200 5.225 5.250 2 5.275 5.300
mgg (GeV/c?)

1 2
branching fraction (1 0'6)

Phys.Rev.Lett 91, 171802 (2003), hep-ex,/0308024
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Advantage of B — pp

e Small penguin “pollution” in pp:
A BO 0,0Y\]|2

Ao B" = o0 )" 10 o
[Ao(B* — p%p*)[?

e — ] < 19° (90% C.L.)

) VudVur™
e Best mode to measure sin 2«

compare B — 71 |y — | < 51°

V.aVop*
(8 2y Al T -+ —+ ap - P
" b & b ZMHVZd d
w+ d W= u 7 q
b —i a Ed 7 a
u,d - uw,d wu,d - u,d wu,d - u,d
B decay mode | ar ap | B(107% mw | B(107°%) pp
a~nt | ppt | V2 0 /2|47 +0.6+0.2 2517 +2
Ot | ppt | 1 0 | 55750 +06|22572" +5.8
om0 | p%p% | 0O —11|2.14+0.6+0.3 < 2.1

Andrei Gritsan, LBNL
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Time-evolution in B — pTp~

o New result (BsBsr, Moriond-2004): ..

— data through 2003 ‘O
— partially reconstructed events (~40%)  : .-
— SVT-only tracks with low momentum — “ .
— B-tagging and At =

Ngig — 314 + 34 0s MM%H
S;r =—-0.19+0.33+£0.11 T “T“ :

O, =—-0.234+0.24+0.14 ST

N F
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Constraints on o from B — pp

e Extract a: -5, =1 — C2sin(20.5)
— (et — @) from isospin B — p°p" /p°p" [ptp~
— neglect |=1, non-resonant (< 10%)
a = 96° + 10° (stat) +4° (syst) 4 13° (penguin)

interpretation plots using CKMFitter http://www.slac.stanford.edu/xorg/ckmfitter/

Isospin analysis of n and pp systems (P, included) 1.5 e T T
1. L Ay o e e e e A s s e L i : shaded areas have CL > 0.05, 0.32, 0.90| |
i @ B—onn B — pp (6(S,C)=0) | i P 1
’ L Wiersoos 1 B—pp — CKM fit ] 1 Standard CK}M Fit :
[ 0.5 |-
> S
Q@ L
(]
8 = 0
(O]
e
= i
3 05
@) [
1 .
B> p*p  SU(2) analysis | ]
80 100‘120“‘14‘_0‘ 15 \\\?\\\\\\\\\\\\\4\7
-1 -0.5 0 0.5 1 15 2

o (deg)
® Small “penguin pollution” in pp makes a difference over nr
® Direct constraint on o ~ indirect from other CKM
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Is there any room for New Physics

Another constraint Attention to “penguins”
meets in CKM fit B — ¢K
siny) om0
] Standard CKM fit 0.9
- 0.8
0.7
0.6
L A —————— 05
o -
0.3
-1 0.2
fffff 0.1

ol
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How to See New Physics in B Decays

e B — ¢K™ Pure penguin loop: b S 5
best hints of New Physics _ :2; ;S
.B u? C7t g g

Higgs™, SUSY in loops? I’

_ u, d u, d
e How to measure New Physics:

(1) Bt — ¢K: 2 observables |A| and |A|

Branching = (10.0£0.94+0.5) x 1079
ACP — —|‘OO4 Z|: 009 Z|I 001 Phys. Rev. D 69, 011102 (2004)

(2) BY — ¢K": 3 observables |A|, |A], arg(A/A)
e.g. Branching, C=-Acp, S oxIm(! X AJA)

(3) B — ¢K*: 11 observables (!) |A;|, arg(A;/A;), etc
Results for 10 of them today
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Observation of BT — ¢pK*™T

e First observation (21fb~1): BABAR, Phys.Rev.Lett 87,151801(2001)
First BABAR paper after sin 23

e 2003 (82fb?)

PE L L ()

PKT, (o)

SR+

Signal yield (ngig)
Polarization (fr)
Direct-CP (Acp)
TripleP.-asymm. (Agp)
Branching fr. (1B, 1079)

+7.2
33.37 5%
+0.14

0.50 T ;5 +0.03

—0.02 £+ 0.20 4+ 0.03

+0.21
—0.28 7 "5 £ 0.03

+3.0
13.975, £ 1.2

+0.12

+7.5
22.37 72

+0.20
0.40 "7y 1+ 0.06

+0.25

+0.63 " j';7 £ 0.05
+0.34

" 0.34 = 0.06
10.7139 4+ 1.8

0.46 + 0.12 4+ 0.03
+0.16 4 0.17 £+ 0.03
—0.02 £+ 0.18 4+ 0.03

+2.2
12.7750 £ 1.1

events/(2 MeV/cz)

QE
LB
= =
AN
+

oo
L

'S

0

52 m (GeVIh) 53

events/(10 MeV)

)
—T
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oo
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events/(15 MeV/cz)

Phys.Rev.Lett 91, 171802 (2003), hep-ex/0303020
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events/(2 MeV/cz)

BO N ¢K*O

oK) () PK;% 0 () PK*O
Signal yield (nsig) 101112 2.0+32 -
Polarization (fr,) 0.64 4 0.07 £0.02 | 1.00 70'90 +0.25 | 0.65 4 0.07 £ 0.02
Direct-CP (Acp) +0.04 £+ 0.12 £+ 0.02 — +0.04 £+ 0.12 £+ 0.02
TripleP.-asymm. (A¢p) | 4+0.06 &= 0.12 £ 0.02 — +0.06 £+ 0.12 £+ 0.02
Branching fr. (13, 10~¢) 11.7+ 1.4 3.819:3 11.24+1.34+1.1

=

=
>
=

[
=
B

Phys.Rev.Lett 91, 171802 (2003), hep-ex/0303020
First results on polarization — puzzle of low fr,

events/(10 MeV)

AR
m (GeVich) 59

events/(15 MeV/c?)

N

[
=

(=1

m, (Gevich) 108
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Polarization Puzzle

e Puzzle: in B — pp |Ap? ~ 0.98  (“tree")
in B— ¢K* |Ag|> ~0.60 (“penguin”)

o ;) 5%‘2_ _D%OA_ORB expected
S — 2
s 0 [Agl? ~ 1% ~ 0.96
E 0.75 B
[ ' N
~ ] —
__| 0.50 |- P
< I <
R i 4’\
|| 0.25 —l/
_| I ....................
S— . s
| A
0.00 0.25 0.50 0.75 1.00 Hint of New Physics (?)
__ 2 2
fr = [Aol"/2] Al
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events / 2 MeV

Really Full Angular Analysis

e First precedence of 10 measurements (“+" for B, “~" for B):

Mgy = Nsig + (1 £ Acp) /2

fi=fr (1+A%) o With 124 million BB:

fi=1r -1+ AL) Ny = 120 £ 14 £ 9

qbff = ¢ £ Ag e Derived TP:

o Im(ATA)  Im(ATA;Y)

QbfZGbL:l:AQﬁﬂLEiE AHO— ( SIAT |QO + 2|Xm|20)
"t BABAR | - BABAR o BABAR |
- preliminary ol preliminary preliminary ]
40: 0 0 3 30; | * i
mB%Q)K Boﬁfxq)Ko :

events / 5 MeV

events / 15 MeV
events / 2 MeV

5.2 5.25 5.3

075 085 095 1.05 1.02 1.05
M (GeV)

m,. (GeV) My (GeV)
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Polarization Results

1.00_— _D)A__j)ijR fL = 0.52+£0.07 4+ 0.02

2002-2003 f1 =0.27+0.07£0.02

B — ¢K* correlation -52%

fo+fi+fi=1
|Aol, |AL], |Aj| >5o each
B—=pp 14> =/
Puzzle of low f; remains
fr ~ _m_g, ~ 0.96

mp

0.75

0.50 =

0.25 |

fL=1AL/S| AR

O.O%.oo T o os0 . oms 1.00 (7) hint of New Physics

fr = ‘AO‘Q/Z‘AmP (?) long-distance FSI

(look at strong phases)
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Results on FSI

Q| = 2. 637053 & 0.04 (rad) BABAR BO s ¢K>¥<O

prehmmary
¢y = 2.717)37 £0.03 (rad)

3.20

correlation +59% 7T
=

— about 2.30 evidence T 295
~

# {m, 7} = FSI 3 _

2.70

|A+‘ >> |A_| = ~ %O i

— Ambiguities: |
=-

{=¢,m = @1} valid too :
sin(¢ . — @), cos(¢y), sin(¢ ) 220

2.20 2.45 2.70 2.95 3.20

{m,m} < [AL] > |A_] o = arg(A4/A¢) "
{m, 0} & [A_| > Ay

o |[A, | > |A_| solved in B — J/¢¥K* with K7 S-wave interference
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events

=2

©
T

Angular Projections

e cosfy and cosfy (averaged over P)

|Ag|* = cos?6; (large) (JAL]? +144]%) = (1 — cos®6;) (large)
e & (averaged over cosb;)

(JAL]? = JA)*) = cos2® (small)  Im(A;A)*) = sin2® (small)
e O (cosficosby > 0) — P (cosbicosfy < 0)

Re(A)Ap*) = cos ® (large) Im(A; Ap*) = sin ® (small)
{BABARE k"] |BABARE'oK"| : [BiBiR BABARE’ oK

©
T T T

events

|
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Direct CP Violation Results

Acp = —0.12+0.10 + 0.03 BABAR RO _, qbK*O

preliminary
AL, = —0.02 £0.12 £ 0.01 o -
1 +0.25 - ]
Asp = —0.10755 £0.04 - :
_|% I | _
< -

AL~ Agp correlation -52%

(like fr-f1)

No significant direct-CP

(strong phase could be small)

oX sin A(Sstrong sin A¢Weak - 0.6 | 0.4 | 0.2 | 0.0 0.2 | 0.4 | 0.6
AO
CP

More interesting TP o< cos Adgirong SIN Adyear
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NB,>_NB,>+NB7<_NB,<

Triple-Product Asymmetry Results

BABAR

_ 0 ()
A¢y = 038702 1+ 0.04 (rad) preliuinary B — oK
Ag¢, = 0.301935 £+ 0.03 (rad) | |
— New Physics # {0,0} ~1.70
— Triple-products instead:

Al = 40.02 £ 0.05 4 0.01
AY% = +0.11 £ 0.07 £ 0.01

1.0F

|\—'-

{arg(AL/AO)—arg(AL/AO)—W}

a%ﬁéﬁ "K' %\Blggﬁgﬁ BU—50K 0 |

|
Oﬂﬁwﬂmﬂﬁ $0 e 1I 0.0 I_I _ 0.5 — 1.0
5. starg(Ay/Ao)-arg(A)/Ao)}
! i@B;(rad) !
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What we have learned from B — ¢ K™

e Small Ay gives a window of opportunity: —>
JT—

— |Ag| ~ | A£| not understood (puzzle) N—
— |AL| > |A<| consistent —
— arg(A+/Ap) small FSI e

— First 5 angular CP-asymmetries (A% projection left plot)

e Looking for other b — sg* decays with “exotics” (glueballs)
(some candidates: right plot)

0.20 R R T Tt S 71 T T T LT T ]
N i I | '
. . (958)—nm
Projection of - " Lo
. ) | P KKt limit n
0.15 A, sensitivity in B — ¢K | .*é' c |
] = n(1295) Iy
0 oy lf1(1285) S
S o010 = é £,(1420) Other ?
< = éi l ¢ (1680) I
New Physics Z s . l . 05(1850) L=
- , _ Limits at 3o o oA
il I B K 7 &5 AN
L TR J o e :
0.00 L A | H Lol L Lo 0.9 1.3 & 1.7 2.1 2.5 2.9 3.3
10 fb’ 100 fb 1 ab™ 10 ab™ MM — KKz or ntr) (GeV)
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Summary

e |s Standard Model complete? Likely not... What is Beyond?

e Two ways to proceed:

(1) try highest energy accelerator to reach Beyond (e.g. LHC in 2007)
(2) try Standard Model predictions with heavy quark decays (e.g. b)

e Examples of two novel approaches:
sin(2a) with B — pp Spin and CP with B — ¢K*

1.5 — e
C : shaded areas have CL >0 1.00 — BABIA‘E%J
L Standard CKM Fit @™ C preliminary
= : B s i
= < .. B — GI*O
0.5 [
\ N
@
= 0 4 050
0.5 —
(1
_|
1 = _ LI\
A tter ‘B°—> p P SU(2) analysis‘ ] 0.00 B\ N : ; ; [~
15 L W'”\ r2°°“‘ i t ‘ NN 0.00 0.25 0.50 0.75 1.00
T 0.5 o 0.5 1 15 2 fr = |AO|2/Z|Am|2

e Gluonic penguins play a key role (observed in 1996/97):
pollution for sin(2«) best hints of “Beyond”
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